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(54) Vacuum cleaner bag or filter, and method of filtering a gas 

(57) A disposable vacuum filter bag is constructed 
of layers which include a high-air-permeability first layer 

(10) positioned upstream in the direction of air flew of a 
second filtration layer (11). The second filtration layer 

(1 1) can be a meltblown fleece, a wet-laid filter paper, a 
dry-laid filter paper or a spunbond nonweven. The first 
layer (10) can be made of a high-bulk meltblown nonwo- 
ven, dry-laid or wet-laid high-dust-capacity paper, spun- 
blown modular nonwoven or microdenier spunbond 
rtonwoven. 

A filter and a method for removing particles 
entrained in a gas where the filter has the same type of 
constructional features as the disposable vacuum filter 
bag are also disclosed. 
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EP 0 960 645 A2 

Description 

Reld of the Invention 

s [0001 ] This invention relates to a novel disposable vacuum cleaner bag composition which is notably superior to exist- 
ing vacuum cleaner bag constructions in terms of dust holding capacity, minimal increase in pressure drop with dust 
loading, and in ease of bag fabrication and shape retention, while achieving filtration efficiency values which compare 
most favorably with premium commercially available bags. 

[0002] This disclosure describes two principal embodiments of a novel vacuum cleaner bag filter which are linked to 
w form a single general inventive concept in that the embodiments relate to a multilayer vacuum cleaner bag. 

Background of the Invention 

[0003] Over the last few years, a number of companies have developed raw materials and components for vacuum 
is cleaner bags to replace the older single layer paper bag and the well-known two-ply bag, having a downstream filter 
paper and an upstream tissue paper, with bags having upstream layers of either wet-laid tissues or fibrous fleeces such 
as mettblcwn (MB) ultra-fine webs occasionally referred to herein as nitration grade MB fleece." Some manufacturers 
of vacuum cleaners have even marketed bagless vacuum cleaners to avoid the cost of bags. However, this type of vac- 
uum cleaner has less suction and the compartment holding the dust must be emptied manually, and this largely nullifies 
20 its advantages by exposing the worker and the environment to the concentrated dust. Nevertheless, the bagless 
cleaner has prompted manufacturers to continue to improve the overall performance of bags. Additionally it relates to 
fibrous components randomly laid in three dimensions by dry-laying and wet-laying technologies to provide low density 
and high bulk for novel filters with greater air permeability and particulate holding capacity. 

[0004] The prior art addressed the problem of providing a vacuum cleaner bag with improved filtration efficiency. U.S. 

25 Patent No. 5.080.702, Home Care Industries, Inc. discloses a disposable filter container-like bag which comprises an 
assembly of juxtaposed plies, namely an inner and outer ply of air pervious material. U.S. Patent No. 5,647,881 (EPO 
0 822.775 B1 ) discloses a three layer composite of an outer support layer, middle charged fibrous filter layer having spe- 
cific properties and an inner diffusion layer unbonded except at least at one seam to the f fcrous filter layer. The diffusion 
layer is described to provide the filter bag as its main function, with resistance to shock loading. EPO 0 338 479 to Gess- 

30 ner discloses a dust filter bag with a f ibrillated fleece-lined outer layer of filter paper. The filtration grade f ibrillated fleece 
layer is upstream of the filter paper. 

[0005] In the vacuum bag of the invention the principal function of the inner layer is that of high dust-holding capacity, 
a property of this magnitude not yet disclosed in the prior art. 

[0006] The disclosures of the above-mentioned patents are incorporated herein in their entirety by reference. 

35 [0007] With the advent of electrostatically charged MB fleeces, it has been possible to produce bag laminates with 
filtration efficiencies on the order of 99.8-99.9% to fine dust at a moderate airflow. However, conventional MB webs are 
essentially flat filters. Consequently, filter structures that utilize MB webs quickly load up with dust, reduce the air suc- 
tion, and lose further dust pick up ability by the vacuum cleaner. Today, the standard dust bags have an air permeability 
of 200 to 400 L/frrftc s). ft is desirable to have a combination of paper types and other liners, including MB liners that 

40 would yield a high efficiency of up to 99.9% and also, allow a high flow with minimal pressures gradient increase meas- 
ured by the DIN 44956-2 Test 

[0008] A primary object of this invention is to provide a novel vacuum cleaner bag composition capable of extremely 
high filtration efficiency to fine dust and of maximum performance of a vacuum cleaner in terms of continuous high suc- 
tion for picking up dust without a notable increase in pressure drop until the bag is filled. 
45 [0009] A second objective of this invention is to provide a bag with a composition such that it has the rigidity needed 
for it to be fabricated and shaped on conventional vacuum cleaner bag making equipment 

[0010] A third objective of this invention is to construct a vacuum cleaner bag media that by virtue of its excellent fil- 
tration efficiency and superior non-blocking, high airflow performance, will be most suitable to the new European trend 
of small vacuum cleaners, with of course, smaller vacuum dust bags. 
so [001 1] These and other objectives of this inventor will become apparent to one skilled in the art from the following 
disclosure. 

[0012] The Nonwoven Fabrics Handbook of the Association of the Nonwoven Fabrics Industry, 1992, is incorporated 
herein in its entirety by reference. 

55 SUMMARY OF THE INVENTION 

[0013] A disposable vacuum cleaner bag that has an air permeability of greater than 400 IVfrrr^x s) was developed, 
This was accomplished by placing a filter paper on the upstream air side of a filtration grade MB fleece/spunbond two- 
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? y ^T^L!I?f d ° fplacin9a,i,ferpa P eronthe 0 e - downstream air side) of the bag, as is typically done 
^ ^. however, that prior art bag constructions often place a lightweight (typically 13 g/rn 2 ) tissue fleece 
upstream of the MB fleece for support and to protect the MB fleece from abrasion Tri^JeightteuSJ^ 
fitters some of the largest dust particles. y 

5 CI JlH fflh L. b !? C T StrUCti0n - rt 18 P 088 *" 6 to use a coarse filter paper ocassionally referred to herein as 
n ca P^" mu «f > "nP<>se" or "capacity" paper or layer, on the most upstream layer inside the bag. This 
^ a , ™ s ** °f*° na ' , use <* 'J***** tissue fleece, netting or other scrim on the most inside layer 
"T"™* f'^.T' ^ ter9e duSt P 8 *** 55 are remcved ^ »* «>arse f flter paper (and possibly to a minor 
io ^SK^w The filtration grade MB part of the bag fabT^n severe effect 

£ ^J^jS?™ * 51,106 !L d06S 001 need to ^ of the dust. If desired, a wet-laid tissue may also 

« Sn£d?2 TLTZ ^ & ^ S ^T' ai0n * V&ry mUCh UnHke the ^'^ that used MB liners 

on the inside of the bag. and wh.ch depended upon the MB web for both dust holding and filtration. Furthermore the 
2^ the bag the rigidity needed to fabricate and shape the neve, bag condition on oor^SZZ 
cleaner bag making equipment 

15 S JH^w ITr^" ^ COrTpriS8S 8 m C ° mp0Site * a coarse f <*>"W*"9 at least one 

of (a) a wet-laKl h^h dust holding capacity paper, (b) a dry-laid high dust holding capacity paper, (c) a high bulk melt- 

^ n0n T^ (d) a Spunb,Wn (M0dular > and (e) a microdenieTWb^rlwoven r^«S 

upstream ,n the direction of air flow of a filtration grade meftblown fleece layer formed into the bag having attest one 

I^SS? T C ° mP0Site andat,eaSt0ne 8eam fo ™"° the flat composite £tE£ Tntf 

la^operabve according to trus .nvention which is positioned downstream of the course, capacity layer is sometimes 
referred to herein as a "secondary- or "high efficiency f iftration" layer 

SJ^i 3150 ^ aCCOrding 10 another embodimert °f ^ invention a conposfte structure for an 

^S,S™T ,Ce rac " um . deaner ^8 comprising a multipurpose filtration layer occasionally referred to herein 

a second filtration layer selected from among (a) a wet-laid fitter paper having a basis weight of about 30-1 00 g/m 2 and 

ZS^V^J M '^^Jl ani W 3 spunbond norlven having basis w^hTol 
about 10-100gMi= jmd air permeability of about 500-10.000 Urrfxs). and preferably about 2.000-6.000 Wrfxs) 
l ^JLJl r 1^^y e * ^ m f'ybonded dry-laid high dust capacity paper containing a blend of fluff pulp. 

"* <**°ed split film fibers. Basically, in one aspect Te 

novel enhanced performance vacuum cleaner bag composite structure embodies placing a wei-or dry-la«c^city 

£7 UQ? ^ UPt ° abOUl 8 '°°° U ^ X S) *« 01 a wet - teid ,ilter P"P» * * permeabiSJy up SSS 

[0018] In another aspect this invention provides for optional inclusion of a meftblown fleece interlayer having a basis 

SK25l5?2±Sr * Pemieabili,y * * 0ul 10 °' 1500 X S) P 05 ^ betv^e^thetSuS 
cSTcCe^ ^ 

^second Htaton layer pair for .mproved abrasion resistance and ease of bag fabrication. Preferably, the scrim is 

^^Sgm^ 

Sin ^r^^ 639 ""'l" 9 ** enhaTOed P* 10 "™™ structure of this invention has been 

«h JL^ll ° n eff,C,enCy Peri0fmance fe^y comparable to other vacuum cleaner bag structures The 
enhanced performance structures generally have better than a 95% efficiency to the DIN 44956-2 test and can typically 

i^Z^ nZTT" 6 ^ D ' N l0ading Cydes 38 ^-P-atte bag constructions. TheyTso^'to 
l^L^r k^mo^ ^ 35 conventional te 9 constructions characterized either by a scrim in front of standard 
weMaKi paper or by a MB filter fleece in front of a standard wet-laid paper. With the optional electrostatically charged 
^.rterlayer the new constructions have superior high fine dust filtration efficiency to 0.1-0.3 m NaCI particles. 
P021] High filtration grade fleeces such as electrostatically charged MB. spunbond modular and microdenier spun- 
bond media may also be incorporated into the new constructions of this invention 



Brief Description of the Drawings 
[0022] 



fiSrfl i^Tii CrOSS - se f , : on 01 a ,radifonal vacuum leaner bag construction consisting of wet-laid tissue 
(inside of bag) and filter paper (air outlet side). 

FIG. 2 is a schematic cross-section of a tw<Mayer vacuum cleaner bag in which MB ultra-fine fiber fleece inside of 
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bag serves as both the dust holding and tittering components. 

FIG. 3 is a schematic cross-section of a three-layer vacuum cleaner bag in which a wet-laid tissue fleece with very 
little dust holding capacity is added to protect the MB fleece from abrasion. 

FIG. 4 is a schematic cross-section of a three-layer vacuum cleaner bag construction according to this invention in 
5 which a special bulky MB is placed in front of a filtration grade MB fleece and the spunbond layer is placed on the 
outside of the bag. 

FIG. 5 is a schematic cross-section of a three-layer vacuum cleaner bag construction according to this invention in 
which wet-laid capacity paper is placed in front of filtration grade MB fleece. The outer layer may be a spunbond, 
wet-laid, dry-laid, hydroentangled nonwoven, netting or any other type of nonwoven or woven scrim. 
io FIG. 6 is a schematic cross-section of a three-layer vacuum cleaner bag construction according to this invention in 
which dry-laid capacity paper is placed in front of merfolown fleece. The outer layer may be a spunbond wet-laid 
dry-laid, hydroentangled or other type of nonwoven scrim. 

FIG. 7 is a schematic cross-section of an innovative vacuum cleaner bag of Example 7 in which a fleece/carbon 
layer has been placed as an odor absorption layer with basically the same filtration properties as a filter combina- 
15 tion only filtering dust. 

FIG. 8A is a schematic cross-section of an embodiment of the vacuum cleaner bag construction according to this 
invention. 

FIG. 8B is another schematic cross-section of an embodiment of the vacuum cleaner bag construction accordina 
to this invention. * 

20 FIG. 8C is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

FIG. 8D is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

FIG. 8E is another schematic cross-section of an embodiment of the vacuum cleaner bag construction accordina 
25 to this invention. 

FIG. 8F is another schematic cross-section of an embodiment of the vacuum cleaner bag construction accordina 
to this invention. 

FIG. 8G is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

30 FIG. 8H is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

FIG. 81 is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according to 
this invention. 

FIG. 8J is another schematic cross-section of an embodiment of the vacuum cleaner bag construction accordina to 
35 this invention. 

FIG. 8K is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

FIG. 8L is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

40 FIG. 8M is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

FIG. 8N is another schematic cross-section of an embodiment of the vacuum cleaner bag construction accordina 
to this invention. 

FIG. 80 is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
45 to this invention. 

FIG. 8P is another schematic cross-section of an embodiment of the vacuum cleaner bag construction accordina 
to this invention. 

FIG. 8Q is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 
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FIG. 8R is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

FIG. 8S is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
to this invention. 

FIG. 8T is another schematic cross-section of an embodiment of the vacuum cleaner bag construction accordina 
55 to this invention. * 

FIG. 8U is another schematic cross-section of an embodiment of the vacuum cleaner bag construction accordina 
to this invention. 

FIG. 8V is another schematic cross-section of an embodiment of the vacuum cleaner bag construction according 
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to this invention. 

to^eZT" Cr ° SS " SeCfon ° f " * » e — m deaner bag cons^on acceding 

.oli^^ 

FIG' » k f Sf* "i"*' 8 3 COmpanson 01 aW,w versus Rne Dust Loading (PTMine) 
FG3^S^ CT ^^ onofafrad *^ vacuum cleaner bagco^tnJcT 
F G. 3 ,s a schemata cross section of another vacuum cleaner bag coLurtcT 

«1 Sri" emb0dmen, 01 a " »- **« h-, a met* 

*^:Sf?^ 

trafcon layer acceding to this Lemion ™^rpose layer upstream of a wet-laid paper second fl- 

SrrL^edX^g^ °' *" bag structure ha.ng a 

according to this invention h ' 9hdUStCapac,, y ™«-P«rpose layer ur^eam of a wet-^ paper seajnd.iHratJon layer 
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Sm^rn^a^ 

solid particles, through the ^^^T^Z^T^ ST pre,eraWy * *V 
erctfthe structure in r^^ 

side is "downstream" for example Onaiinl I . - mlet side B "upstream" and the fifter discharge 
relative positions of struma* S£Z ^ EH ^ ^ »*" to de ^ e 

sure gradient, sometimes referri^>eS 
^ 9 shaped filters. Norrmlly, me u^ 

[0024] DIN4495R-P - The DIN W-2 Ss en^T^ " *° ,nS,de and the downsfr «™ side is outside. 

exarr^es^u^eaner bag coSuZs ateS ^Tr^™ 6 h P"""" dm P°" l » Cerent 
2 0. and 2.5 grams constructions after dust loading wrth fine dust at the foUowing levels: 0. 0.5. 10 15 

Sc^ 

recorded again. The maximum ^ZS^lT^ I^T' * e drop " ere 

specified levels of dust loading PermeaMrty values were then determined on the bags, which had the 

10026] TyP-tfPaP-wh^are^^ 
Standard Vacuum Cleaner Filter Bag Paper: 



5 



EP0960 645A2 



monly about 50 gTm* TT.e PCTf^^S^XnS'i ^ ^ ^ ^ about 30-80 g/m^ and com- 
permeability in the range of about 200-S SEll VrZ„T l6n9lhS °» ^0 ^ This paper has air 

asdetermirKafrom^ 
------.capa^^^^^ 



Spunbond Nonwoven 



10 

olefins. Basis weigrt of ftespunbor^^ 

s ^ x s) as measured by DIN 53887. £ ^tSSXS^ *°* 2 ' 00 ^-° 00 
Scrim or Supporting Fleece 
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Wet-laid High Dust Capacity Paper: 
bag composite it performs rmiftiplefu^ 

ing a significant portion of small dus^SS «»- 
ily. thereby provide a low r^essuredCSh 
[00311 Thewet-laidcarApaperu^TtyctS 

cally contains up to ab^?^^^^^^^,^! ,berS ^ fbers. It typi- 

paper described above. It haVa^teTSres^ShTSJrZ 6 ^ 35 PET » e 

of 50 g/m*. Pore size also is much T^TXJ^^J^ "If 0 * 032mmata <W** basis weight 
is able to hold much more dust in te mbS^S^L^ ^ greater than 160 ^ ™ us - *• paper 
about 30-150 g/^arrf prefer^ 

pen.eabi.ity k^S'us SS ZXT^aSSS "t* *" ^ ^ ^ ^ 
UN 2 x s) and most preferabfyat least ataS 2 0^ U^xlT^™ ^ P ' Btarab,y - ■«* *«* 1 .000 

thep^fWersandhoWsamajorfra^th^ 

secondary high efficiency filter medium is able to firter«^^vT about 10mm. Consequently, the downstream 
cation of a substantial pressure drop in^ aScl ^ - * - ^ ^ ***** indi " 

paper prefer^ shou^ at mosfab^ 

-~,™„ ta y„tob^ 

Dry-laid High Dust Capacity Paper 

50 55. ^Z^^ZIS^r^^ l™*""' to *- - "dry** capacHy 
produced with aiMaying technology^ paper is not formed from a water slurry, but is 

attracting the molecL Jchains tSSdol r^atet t^ a^^ 09 ^" 9 "** *** 3 ^ ro " in 
laid capacity paper is usually much thL^n ! ^ >SenCe 01 water Ttlus - * the same basis weight, dry- 
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5 with lower softening points than othJfib^ ^e ^^^Z^ ^^^ (1992 ■*»« 35 

adhesive." These thermally bondable fcJng ^^LT^ ^ * 3nd these « as an 

pressure are applied for the web. thereby ** * ,OCations " h «» heat and 

ir^ude co^yester po lymers which ^^Z^T^J^J^T *** aOSS ™ ^ a-*- 
[0036] In a preferred embodiment thermal 96 ° f ,,brous "^'als. 

polypropylene (TP") and a sheath of more heat sensSve wSJETS^ ^ include fibers with a core of 
ttjermoptestic fibers soften and become sticky ^^^^2^3^ ^V*™ ^ means *- 

The sheath polymer preferably should have a mettiru r**^ »h! ,Gmpe 'ff ^ 35 de 9rees C below the melting point, 
have a higher melting P^eferabJ^^ 
« melts at 121° C and PP melts at 161-163- C ThlSin ^^T that of the sheath polymer. For example, PE 
a thermal calendar or into a through -al™ b^acS^ 

duce a '«* compacted, more open and" ™ ^T* heat 3nd P"* 8 ™ to 

core/sheath of the B/C fiber is legated e^r^cTthe shS^h. * ™«P«*** embodimer * ■» core of the 
tt>er me more , ike)y ^ the ^ f ^ d^ ^e!^^ ^ «" * *• 

dry-laid capacity. This will, of course, improve te dutf t hoMno ^T^ 9 and incr ease the bulk of the 

core and sheath are located side-by-s^th? £ * ^ embodiment the 

calendar which wouW compress the web iTe Z E^^^VES - ^ ««■ A thermal 

mer combinations that may be used in core/sheath^ T^SLZ^^^ f* '"" this 0886 °*er P°ly- 

b^^i^"™^^^ 

Dry-lajd capacity paper should have about the same b^sTweTht Test is approximately 80%. 

Prescribed above, i.e., in the range of abouTSSS 5^17 P^eab.% as the wet-laid capacity 
preferably about 2000-4000 U^xs). It hn^SS^lZ^ ^ ^ Hb0Ut ^"^^xs) and most 
rnc« uniform in weight and thickness than the wett d p^s °* ******* advant ag« <* being much 

Loc^tS^ 

nonwoven component of the vacuum cleaner te7c^i^T^^ " PUlP ^ pu, P" means * 

put,. i.e., fbrous materia, of wood, then aer^TcS.^^^™ FT^t*™"*™^ «* <* 

or dry forming machines. A Wiley Mill can b^ZZ^T^V^ ^ to "* formina components of air layino 
for dry forming. A fluff pulp nni^^^"^™** '- >an Web or M and J machines are useful 

random fiber orientation in the direction of all J£ iSSLl^SS 'ZTT m ttMJS **«*«•»« by 
or.ented away from the plane of the nonwevenw* SEEESZJS^ V? have a targe portion of fibers 
d,me rei or««y anisrtropic nonwoven webs. Rber^ 

mm long. Thefibers are heW together b.aJ^^^^nT^^^ 3 ^^^^ 0 ^ 
-s usually present in thedry-laid capacity ^^r^l^^^^T^^^^^^^ 
solids based on weight of fibers yf«per.nmerangeof about 10-30 wr% and preferably about 20-30 wt% binder 

comprises fluff pulpfibers and btoonwrtpo!^ 

1 Wni,crc™eters, the width rra^ 
"^•herxeferredd^^ 

Mm. and a length of about 0.5 to 3 mm ^ rt " lm,C ^ wea ^cknessc<about5to20^. a widthofabout 15to60 

-nvenhon. Examples of suitable polymers ir^^e^lim^ ". J** * C ° rT * X>Si,e M ™ <* ^ 
of polyethylene, rx^yterer^ates such ^y^r^S^" ^ ^ hom ^Vmers and copolymers 
W<*****<*^ poly(butylene terephthalate) (PBT). 

able polymers include nylons, Amides. Ke^s^^ 
u-hanes.^es.p.^^-^- 
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^topr^fi^ 

ers. These PP sp* fi , m 1bas ^ also ^ subsequerrtT^^JS^ 858 '^'^ *° Pf0duCe ^ f Hm f *>" 

aittoent air is introduced or allowed to enter inaCctenS 21 £? ,nt ° a lar9e **• (balloon) into which 

balloon with air serves to quench the f ilm and 'SS^^SSX^L l8Chnoto » 

resultng in greater strength. The balloon is then^fcS molecular °' the PP molecular chains 

tte two contacting rollers. This results in an additional 2ihi„ £25? * V3ry,n9 amounte <* Pressure between 

the second set of rollers at a faster surface SSnlS^ 1 * f"*™ *** is ^"Pfehed by driving 

fHm in the machine direction whk* ^yS?/ *" ^ ^ m * a ** 

[0044] The film may be electrostatically chargedJZe o^Zt^ ^ * * he fiIm «*«. 

^charging techniques may be ernploW ^two l^T ^ ^ «*» electro- 

^ f-rstrr^ involves r«ssing the Wmate^ 
^.Coonabarswimemi^^ 

age potential of about 20 to 30 kV and the orxx^m Si f 006 ""^ *«*««• has a positive DC vott- 

[0045] The second, preferred. nX uKTefe^^^^^^^^^^ 
5.401 .446 (Wadsworth and Tsai 1995) whidik^fo^!f^ Char9 " 19 tecnnol °9ies described in US Pat No 
^bedherein.tthasb^ 

P^arc^their^idearcurrferenceofhvor^tiv^ 
^«teh,ghestvrttager^^ 
« be imparted to on one side of the films with simter 1 QUe "' poatve 1000 to 3000 volts or more mav 

[0046, Techniquel.whereinfHmsc^^^ 

age of + 20 to *40 kV is pfaced from about 1 ^tlS!?- ,0W ^ a «^aDC»«- 
beujg exposed in succession to this roller/wire charg.^ ^ ^ ^ "* ^ 01 * e « m 
on the surfaces of the films. With Technique i vcttag^ofloo TSStS? V ° Hase Potentials as measured 
» opposrte polarities on each side are typify cS^e hti Jf 1 ^ °" *" ' ^ SUrfece equal but 

Therefore, and because it is easier to lace up and r^Smln^^ t ! TOde from the split film fibers, 
d^nate.yusedtochargemefi.rrspriortomes^ 

wh^ch 1S cnmped in a corrtroHed numbers of crimes P^^nTer^^ S !f T*!^ »**"* irrt ° a *» 
[0048] In a particularly preferred embodimert ^e*ISdhth 12 ° *" desired sta P |e 'e"9th. 

Pulp fibers, bicomponent polymer fbers and f™** ^ com P rises a Wend of all of fluff 

bj^atabout^wtTn^pTeS 

fibers at about 10-60 wt%. more preferably about 10-30 wS^^T^**^ about 40 *e bicomponent 
cally charged split film fibers at about 20^«£? ar^oToSr^? SJS* ^ 20 and me ^ect^ 
may be thermally bor^, prefer^ at a K^tZX^E^,? 2* ™ S hi 9 h *-t capacity 

row most PfeferaWy at about 90EC 90 160EC " more P"*«bly. at a temperature tower than 

m-xed electrostaticfibers. 10-70% fluff putoand^^ ^r^t^ ^ Sa ^ 2 ^^ C,i ^^ablend(rf2a^ 
ing fibers wHh widety different tnbdeleS^^ 

of machines, such as wires on carding cySTuL^^T. ! 9ainSt ** or *** the metal pam 
^negatively charged with respect to JcTr ^ eSa^T *■« ™* PosS 

The production of fitters with these types of mixXiS^l^ ? ^ C0Utombic attracfion ^ dust particles 
Pean Patent Application No. EP 02 246 8? I ,,befB ,S ^ in U - S Patent No. 5.470.485 ard&lnt 

■ ^(Ofibersalsor^eso^^atogen^Jed^^ ^fibers II are "halogen 

The patent notes that the fbers must be ^orouihtywashS 2 ^? •' , ' * fibers have no halogen 

r^sed before being mixed together so £l£%£^£^^ 

IT^H^ ,b6r ^ P^^^d shouW be needte p^^^ri? ?'l a9entS - the ^nt 
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dry-laid thermally bonded paper can be utilized in this invention. 

[0051 ] EP 0 246 811 describes the triboelectric effect of rubbing two different types of fibers together. It teaches using 
similar types of fbers as U.S. Patent 5,470,485, except that the -CN groups of the polyacrybnrtrile fibers may be sub- 
stituted by halogen (preferably fluorine or chlorine). After a sufficient amount of substitution of - CN by -CI groups, the 

s fiber may be referred to as a "modacrylic" if the copolymer comprises from 35 to 85% weight percent acrylonitrile units. 
EP 0 246 81 1 teaches that the ratio of polyolefin to substituted acrylonitrile (preferably modacrylic) may range from 
30:70 to 8050 by surface area, and more preferably from 40:60 to 70:30. Similarly, U. S. Patent 5,470,485 teaches that 
the ratio of polyolefin to polyacrylonitrile fibers is in the range of 30:70 to 8020, relative to a surface of the filter material. 
Thus, these ranges of ratios of polyolefin to acrylic or modacrylic fibers may be used in the above stated proportions in 

io the dry-laid thermally bonded capacity paper. 

Meltblown Fleece 

[0052] A synthetic polymer fiber meltblown fleece can optionally be deployed as an inter layer between the muttipur- 
75 pose layer and the second filtration layer. The meltblown fleece interlayer increases overall filtration efficiency by cap- 
turing some particles passed by the multipurpose filtration layer. The meltblown fleece interlayer also optionally can be 
electrostatically charged to assist in filtering fine dust particles. Inclusion of a meltblown fleece interlayer involves an 
increase in pressure drop at given dust loading as compared to composites not having a meltblown fleece interlayer. 
[0053] The meltblown fleece preferably has a basis weight of about 10-50 g/m 2 and air permeability of about 100- 
20 ISOOUOrfxs). 

High Bulk Meltblown Nonwoven 

[0054] Another discovery from this research to develop improved vacuum cleaner bags was the development of a high 

25 bulk M B web which could be used upstream of the filtration grade MB fleece as a pre-f ilter in place of the wet-laid capac- 
ity paper or dry-laid capacity paper. The high bulk MB pre-f ilter can be made in a mettblowing process using chilled 
quench air with a temperature of about 10EC. In contrast, conventional MB normally uses room air at an ambient tem- 
perature of 35-45EC. Also the collecting distance from the MB die exit to the web take-up conveyer is increased to 400- 
600mm in the high bulk MB process. The distance normally is about 200mm for regular MB production. Ackfitionally, 

30 high bulk MB nonwoven is made by using a lower temperature attenuation air temperature of about 21 5-235 EC instead 
of the normal attenuation air temperature of 280-290 EC, and a lower MB melt temperature of about 200-225EC com- 
pared to 260-280 EC for filtration grade MB production. The colder quench air, lower attenuation air temperature, lower 
melt temperature and the longer collecting distance cod down the MB filaments more. Removing heat results in less 
draw down of the filaments, and hence, in larger fiber diameters than would be found in typical filtration grade MB webs. 

35 The cooler filaments are much less likely to thermally fuse together when deposited onto the collector. Thus, the High 
Bulk Meltblown nonwoven would have more open area. Even with a basis weight of 120 g/m 2 , the air permeability of 
the High Bulk Meltblown nonwoven is 806 U{rr?x s). By contrast, a much lighter (e.g., 22 g/m 2 ) filtration grade MB PP 
web had a maximum air permeability of only 450 L/fnrroc s). The filtration efficiency of the High Bulk MB nonwoven as 
determined by the DIN 44956-2 Test was 98%. When the two were put together with the High Bulk MB nonwoven on 

40 the inside of the bag, the air permeability was still 295 IVfrrftc s), and the filtration efficiency of the pair was 99.8%. The 
high bulk meltblown nonwoven can be uncharged, or optionally electrostatically charged provided that the nonwoven is 
of material having suitable dielectric properties. 

[0055] High Bulk MB nonwoven of this invention should be distinguished from "filtration grade MB" which also is 
employed in the multilayer vacuum f Oter structure of this disclosure. Filtration grade MB web is a conventional meltblown 
45 nonwoven generally characterized by a low basis weight typically of about 22 g/m 2 , and a small pore size. Additional 
typical characteristics of filtration grade MB nonwoven of polypropylene are shown in Table I. A preferred high bulk MB 
nonwoven of polypropylene optimally includes about 5-20 wt% ethylene vinyl acetate. Filtration grade MB nonwoven 
has generally high dust removal efficiency, i.e., greater than about 99%. 

50 
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TABLE I 



Preferred 


More Preferred 


Most Preferred 




Filtration Grade mb rr 








Weight g/rrr 5-150 


10-50 


22 




Thickness, mm 


0.10-2 


0.10-1 


0.26 


Air Permeability, U{rr£ x s) 


100-1500 


200-800 


450 


Tensile Strength, MD, N 


0.5-15 


1.0-10 


3.7 


Tensile Strength, CD, N 


0.5-15 


1.0-10 


3.2 


Fiber Diameter, jim 


1-15 


1-5 


2-3 


High Bulk MB rr 








Weight g/m 2 30-180 


60-120 


80 




Thickness, mm 


0.3^3 


0.5-2 


1.4 


Air permeability, L7(m 2 x s) 


300-8000 


600-3000 


2000 


Tensile Strength. MD, N 


1.0-30 


2-20 


10 


Tensile Strength, CD, N 


1.0-30 


2-20 


9.2 


Fiber Diameter, jim 


5-20 


10-15 


10-12 



[0056] High Bulk MB nonwoven is similar in filter efficiency to dry-laid and wet-laid capacity papers mentioned above. 
Thus, High Bulk MB nonwoven is well-adapted to remove large quantities of large dust particles and to hold large 
amounts of dust. Accordingly, High Bulk MB nonwoven is suited for placement upstream of, and as a pre-fitter for, the 
30 filtration grade MB web in a vacuum filter structure of this invention. 

Spunblcwn (Modular) Nonwoven 

[0057] A new type of mettblowing technology descrbed in Ward, G., Nonwovens World, Summer 1998, pp. 37-40, the 
35 complete disclosure of which is incorporated herein by reference, is available to produce a Spunblcwn (Modular) Non- 
woven suitable for use as the coarse filter layer in the present invention. Optionally, the Spunblown Nonwoven can be 
utilized as the filtration grade meltblown fleece layer as called for in the novel vacuum cleaner bag structure. Specifica- 
tions of the Spunblown (Modular) Nonwoven are presented in Table II. 

[0058] The process for making the Spunblown (Modular) Nonwoven is generally a mettblcwn procedure with a more 
40 rugged modular die and using colder attenuation air. These conditions produce a coarse meltblown web with higher 
strength and air permeability at comparable basis weight of conventional meltblown webs. 

Microdenier Spunbond Nonwoven 

45 [0059] A spunbond ("SB") nonwoven, occasionally referred to herein as microdenier spunbond can also be utilized in 
this invention as the coarse filter layer or the filtration grade mettblcwn fleece layer. Specifications of microdenier spun- 
bond are listed in Table II. Microdenier spunbond is particularly characterized by filaments of less than 12 um diameter 
which corresponds to 0.10 denier for polypropylene. In comparison, conventional SB webs for disposables typically 
have filament diameters which average 20pm. Microdenier spunbond can be obtained from Rerfenhauser GmbH (Rei- 

so cofil III), Koby Steel, Ltd., (Kobe-Kodoshi Spunbond Technology) and Ason Engineering, Inc. (Ason Spunbond Technol- 
ogy)- 
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Table II 



Preferred 


More Preferred 


Most Preferred 




Spunblown (Modular) 








Weight gArr 


20-150 


OA OA 

20-80 


40 


Thickness, mm 


0.20-2 


0.20-1.5 


0.79 


Air permeability, L/fm 2 x s) 


200-4000 


300-3000 


2000 


Tensile Strength, MD, N 


10-60 


1&40 


- 


Tensile Strength, CD, N 


10-50 


12-30 


- 


Fiber Diameter, jim 


0.6-20 


2-10 


2-4 


Microdenier spunbond PP 








(Ason, Kobe-Kodoshi, Rei- 








cofil III) 








Weight, g/m 2 


20-150 


20-80 


40 


Thickness, mm 


0.10-0.6 


0.15-0.5 


0.25 


Air permeability, L^m 2 x s) 


500-10,000 


2000-6000 


3000 


Tensile Strength, MD, N 


10-100 


20-80 


50 


Tensile Strength, CD, N 


10-80 


10-60 


40 


Fiber Diameter, *im 


4-18 


6-12 


10 



[0060] Referring now to the drawings and figures, FIG. 1 through FIG. 3 represent existing commercial vacuum 
30 cleaner bag constructions. FIG. 1 depicts a traditional structure consisting of wet-laid tissue fleece 24 on the inside 
(upstream side) of the bag and filter paper 25 on the outside (downstream side) of the bag. The tissue fleece serves as 
a pre-f iher, removing only the largest dust particles. The filter paper typically filters out and holds in its porous structure 
particles greater than 10-20jim. 

[0061] FIG. 2 depicts a two-layer vacuum cleaner bag construction in which a mettblown (MB) fleece 26 serves as 

35 both a pre-f Bter, coarse filter, and fine filter by removing particles below 5 \sm in cfiameter. However MB fleeces have 
much smaller pores than typical vacuum cleaner filter paper and can not hold dust as effectively. Furthermore, the MB 
fleece is often electrostatically charged to enhance filtration efficiency. When the MB fibers become covered with dust, 
the electrostatic field may be largely diminished. The prior art utilizing this design is European Patent Application 
number 89312886.8, Publication numbers 0 375 234 B1 and 0 375 234 A1. The spunbond (SB) layer 27 primarily pro- 

40 vides support for the MB fleece, and improves the abrasion resistance of the outside of the bag. Other similar prior art 
includes U.S. Patent Number 4,589,894 (3M) and European Patent Application Number 85302485.9 (Publication 
Number 0 161 790) assigned to 3M. In the 4,589,894 patent, and European Patent Application Number 85302485.9, a 
SB layer is also used on the inside of the bag and serves to further support and protect the MB fleece. 
[0062] FIG. 3 depicts a three-layer vacuum cleaner bag construction in which the wet-laid supporting fleece 28 is 

45 added to serve as a pre-fitter for only very large particles of dust and to protect the MB fleece from abrasion. The MB 
fleece 29 serves to filter small and large particles and thus has a tendency to clog up very quickly, and thereby 
increases in pressure drop more quickly than tracfitional filter paper. The outside layer of filter paper 30 is in effect redun- 
dant for filtration and serves primarily to support the top surface of MB fleece, to strengthen the bag and to improve 
abrasion resistance of the outside surface of the bag. Examples of prior art depicting similar designs include European 

so Patent Application Number 89106843.9 (Gessner) and U.S. Patent Number 5,080,702 (Home Care Industries), dis- 
cussed above, In the latter no tissue fleece interlining was used. 

[0063] FIG. 4 depicts the new tree-layer vacuum filter structure in which a wet-laid capacity paper, dry-laid capacity 
paper, or other suitable type of nonwoven coarse filter 10 is placed upstream of a filtration grade MB fleece 11 . This 
upstream layer serves to remove larger dust particles and to hold the dust in its structure. This layer should preferably 
55 have a much less dense, bulkier structure that is capable of holding a large quantity of dust without increasing the pres- 
sure drop. A high bulk MB nonwoven is shown in the figure as web 10. It is preferable that the inner MB web be loftier 
and more open than web 1 1 so that it can also contain more dust without pressure drop increase. 
[0064] FIG. 5 depicts the new vacuum cleaner bag construction with a 3-layer construction, in which a wet-laid capac- 
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rty paper 31 is placed in front of the f iteration grade MB fleece 32 and a spunbond (SB) nonwoven 33 is placed on the 
outside of the bag structure. The inner layer 31 may be a wet-laid, dry-laid, Spunblown (Modular), microdenier spun- 
bond or other type of nonwoven filter that has the proper porosity and dust holding capacity. It is preferable that it has 
higher porosity and dust holding capacity than the standard filter paper that is used in the prior art vacuum cleaner 
5 bags. The outer coarse filter layer may be a spunbond, wet-laid, dry-laid, or hydroentangled nonwoven, netting or other 
type of scrim or nonwoven. 

[0065] FIG. 6 shows a vacuum cleaner bag with the same construction as shown in FIG. 5, except a dry-laid capacity 
paper 34 is placed in front of the MB fleece 35, and the spunbond layer 36 is again placed on the outside of the bag. 
The wet-or dry-laid filter papers were placed on the inside of the bag structure to help support the MB fleece and to filter 
io and hold the medium and larger size dust particles so that the MB fleece could effectively filter the smaller particles 
without clogging up. 

[0066] FIG. 7 depicts the new vacuum cleaner bag construction in which a fleece/carbon combination 214+215 of 
respectively 50 g/m 2 , and 1 50 g/m 2 f unctioning as an odor adsorption layer is substituted for the SB 33 of FIG. 5. Impor- 
tant in this construction is that the fleece 21 4 downstream of the activated carbon fibers prevents those activated carbon 
is fibers from getting into the bag compartment of the vacuum cleaner and therefore this fleece should preferably be elec- 
trostatically charged. 

[0067] FIGS. 8A-8AA depict numerous contemplated embodiments of the novel vacuum cleaner bag construction. In 
FIG. 8A, a SB layer 37 forms the outside layer of the bag and serves to reinforce the bag and to protect the inner filtra- 
tion grade MB fleece 38. The electrostatically charged MB fleece layer efficiently removes particles less than 0.1 um in 
20 diameter. The vacuum cleaner bag filter paper 39 supports the MB fleece and fitters and holds medium and large sized 
dust particles within its structure. This paper also provides the necessary rigidity for the construction to be readily fab- 
ricated into vacuum cleaner bags on standard vacuum cleaner bag making equipment. The layers in FIG. 8A are not 
bonded together. 

[0068] The structure of FIG. 8B is the same as in FIG. 8A except a supporting wet-laid tissue fleece 43 is placed 

25 upstream of the paper 42. The supporting tissue fleece only filters out very large dust particles. 

[0069] The structure of FIG. 8C is the same as 8A except that a netting scrim 47 is thermally or adhesively (with e.g., 
glue) sealed upstream of and to the coarse filter paper 46. That is, the scrim and coarse filter paper are bonded, pref- 
erably permanently bonded. At least any two adjacent layers of the bag can be bonded. By "permanently bonded" is 
meant that the bond is intended to be effective during the full normal life of the bag. Bonding can be accomplished by 

30 any suitable method such as chemical adhesive, thermal bonding and ultrasonic bonding. 

[0070] In FIG. 8D, the SB outer layer 48, filtration grade MB fleece layer 49 and SB supporting layer 50 are bonded 
together. The filter paper layer 51 is placed upstream of the SB/MB/SB laminate, and also increases the rigidity of the 
bag construction so that it can be readily fabricated into a vacuum cleaner bag on standard bag forming equipment 
[0071 ] In FIG. 8E, SB layer 53, MB layer 55, and filter paper layer 57 are bonded together by a porous hot melt adhe- 

35 sive 54 and 56. FIG. 8F is the same as FIG. 8E, except that a supporting wet-laid tissue fleece 64 is bonded to the con- 
struction by a hot melt adhesive 63. FIG. 8G is the same as FIG. 8D, except the filter paper 69 is bonded by a hot melt 
adhesive 68 to the bonded SB 65, MB 66 and SB 67 laminate. FIG. 8H is the same as FIG. 8G, except that the wet-laid 
tissue fleece 76 has been bonded to the construction by hot melt adhesive 75. FIG. 81 is the same as FIG. 8E, except 
that netting 82 is sealed to the construction without the use of a hot melt adhesive. 

40 [0072] Structures shown in FIGs. 8J through 8AA all contain a fleece/carbon composite layer, functioning as an odor 
absorption layer. The composite comprises an activated carbon fiber layer upstream of a backing layer of fleece. In FIG. 
8J a fleece/carbon combination 83 + 84 forms the outside, most downstream layer of the bag, filtration grade MB fleece 
85 efficiently filters particles less than 0.1 um in diameter and coarse filter paper 86 filters and holds medium to large 
sized dust particles within its structure. 

45 [0073] FIG. 8K is the same as FIG. 8J except a supporting wet-laid fleece 91 is placed upstream of the coarse filter 
paper 90. The supporting fleece only filters out very large dust particles. FIG. 8L is the same as FIG. 8K, except that a 
netting scrim 96 is sealed to the coarse filter paper 95. In FIG. 8M the SB layer 99. MB layer 1 00 and SB layer 1 01 are 
bonded together which increases the rigidity of the bag construction. In FIG. 8N fleece/carbon 103+104 are bonded to 
filtration grade MB fleece 1 06 by a porous hotmett adhesive 1 05. Coarse filter paper 1 08 is bonded in the same way to 

so MB 106 by hotmelt adhesive 107. FIG. 80 shows a similar construction in which the supporting fleece 1 16 is bonded 
to filter paper 1 14 by a porous hotmelt at 1 15. FIG. 8P is another construction with hotmelt adhesion at 1 19 and 123. 
The SB 1 20 and 1 22 layers are bonded on opposite sides of filtration grade MB fleece 1 21 to increase the rigidity of the 
construction. 

[0074] FIG. 8Q is the same as FIG. 8P, but with a porous hotmelt at 1 33 and a supporting fleece 1 34 added upstream 
55 of the coarse filter paper 1 32. 

[0075] The structure of FIG. 8R includes a netting scrim 143 sealed to the upstream side of coarse filter paper 142. 
In FIG. 8S the carbon/fleece 146 + 147 has been moved downstream of the coarse filter paper 148, and upstream of 
filtration grade MB fleece 1 45. The MB 1 45 and SB 1 44 layers are moved to the outer side, as seen in many of Ihe illus- 
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trated embodiments. FIG. 8T is the same as FIG. 8S, with a supporting fleece 1 54 placed upstream of the coarse filter 
paper 153. In FIG. 8U the supporting fleece of FIG. 8T has been replaced by a netting scrim 160 sealed to the coarse 
filter paper 159. 

[0076] The structure of FIG. 8V has an outer layer of SB 1 61 , filtration grade MB fleece 162 and SB 163 are sealed 
5 together and the carbon/fleece 1 64 + 1 65 between those sealed layers and the coarse filter paper 1 66. Layers 161, 162 
and 163 preferably are thermally point-bonded with a total bonded area of 5-50%, more preferably 10-20%. Alterna- 
tively, these layers can be bonded utilizing an adhesive. Layers 164 and 165 preferably are adhesively bonded together, 
"me three layer 161/162/163 composite and two layer 164/165 composite preferably are not bonded to each other. 
[0077] In FIG. 8W, SB 169 and filtration grade MB fleece 171 are bonded together by a porous hotmelt 1 70, and the 
io carbon/fleece is bonded to the coarse filter paper and MB by hotmelt adhesive layers 1 72 and 1 75. FIG. 8X is the same 
structure as FIG. 8W, except an extra supporting fleece 186 is bonded to the coarse filter paper 184 with a porous hot- 
melt adhesive 185. FIG. 8Y shows an outer composite layer of SB 187, MB 188 and SB 189 sealed together. Car- 
bon/fleece 191/192 is bonded to this sealed outer layer and coarse filter paper by porous hotmelt adhesives 190 and 
193. FIG. 8Z shows the same structure as FIG. 8Y but with a supporting fleece 204 bonded to the coarse filter paper 
is 202 by a porous hotmelt adhesive 203. 

[0078] Finally, FIG. 8AA illustrates SB 205 and filtration grade MB fleece 207 bonded together with a porous hotmelt 
adhesive 206. The carbonytleece 209 + 210 bonded in the same way to MB 207. Coarse filter paper 212 is adhered by 
hotmelt 21 1 , and a netting scrim 213 is sealed to coarse filter paper 212. 

[0079] The activated carbon fibers layer can have the following configurations: Carbon granules between layers of 
20 nonwovens (fleece), paper with activated carbon fibers, paper with activated carbon coal, activated carbon fabrics (non- 
wovens), activated carbon fabrics (woven cloth), activated meltblown made of pitch and activated carbon fibers blown 
into a MB layer. The activated carbon layer preferably has a surface area of about 500-3000 g/m 2 (BET Isfe method) a 
weight in the range of about 25-500 g/m 2 and an air permeability of about 500-3000 U{tr£x s), DIN 53887. 
[0080] In another embodiment the enhanced performance bag comprises a multipurpose filtration layer positioned 
25 upstream of a second filtration layer. The multipurpose filtration layer can be either a dry-laid high dust capacity paper 
or a wet-laid high dust capacity paper, high bulk meltblown, Spunblown (Modular) or microdenier spunbond. The sec- 
ond filtration layer should be a wet laid filter paper, dry-laid filter paper or a spunbond which may be electrostatically 
charged, preferably before constructing the bag. 

[0081 ] The term "multipurpose filtration layer" is used to denote that the pre-f ilter layer of dry-laid or wet-laid capacity 
30 paper is capable of performing several functions simultaneously. This layer protects the downstream second filtration 
layer from shock loading by blocking large bursts of dirt particles which can be of size much greater than 10 jim. Addi- 
tionally, the multipurpose layer filters smaller particles of about 10mm size. Its porosity and thickness are sufficiently 
great that this layer has capacity to hold within the layer a large quantity of dirt and dust particles while allowing air flow 
to permeate the layer at high rate without dramatically increasing pressure drop through the composite structure. 
35 Hence, the bag can continue to operate at optimum air flow for vacuum cleaning for times long enough for the bag to 
reach particle holding capacity. Broadly stated, the multipurpose filtration layer cleans the air of most particles other 
than fine dust particles which are removed by the second filtration layer. 

[0082] The term "second filtration layer" denotes a filter layer which is intended to remove from the air passed by the 
multipurpose layer a sufficient amount of fine dust particles to produce a very high overall filtering efficiency, preferably 

40 over 99%. The second filtration layer is less porous than the multipurpose layer. It can have moderate porosity because 
the multipurpose filtration layer performs the overwhelming majority of the filtration load thereby leaving only the small 
amount of fine dust size particles to be removed by the high efficiency f Oter layer. This is particularly the case when the 
multipurpose filtration layer includes electrostatically charged split film fibers or when an electrostatically charged high 
bulk meltblown, Spunblown Modular or microdenier spunbond is utilized. In these cases, the upstream layers are effec- 

45 tive to remove at least a portion of the fine dust size particles as well as larger particles. This leaves even less fine dust 
to be removed by the second filtration layer. 

[0083] The various layers of the enhanced performance bag usually are adhered to adjacent layers at the bag inlets 
and outlets, and sometimes at the bag seams. They can be unadhered over other portions of the bag structure to adja- 
cent layers or adhered by diverse methods. For example, the layers can be adhered by adhesives, thermal bonding, 
so ultrasonic bonding or a combination of these. 

EXAMPLES 

Methodology and Test Methods 

55 

[0084] in the following examples, unless otherwise indicated, basis weight was determined by I.S.0. 536, thickness 
by DIN 53 105 (0.2 bar), air permeability by DIN 53 887, tensile strength machine direction (MD) and cross machine 
direction (CD) by DIN 53 1 12, Mullen's burst pressure (MBP) by DIN 53 141 , and filtration properties by T.S.I. 8160 filter 
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tester. In the figures, air flow direction is shown by arrows. 

[0085] DIN 44956-2 (April, 1 980) test was employed to characterize the performance of vacuum bag filter composites 
with respect to filtering fine dust particles. The test basically involves filtering a 500 mg sample of SAE fine test dust 
through a circular 200 square centimeter of filter medium being tested using an air flow of 10 liters per second within a 
5 30 second time period. The pressure drop through the test filter medium is measured before and after filtration. An 
absolute filter is employed to capture particles which pass the test filter. A coefficient of retention expressed as a per- 
centage is calculated from the quotient of the weight of sample captured by the test filter divided by the total of the test 
filter-captured sample weight and the weight of sample caught by the absolute f flter. 

[0086] Test for Air Permeability after Fine Dust Loading: The dust loacfing part of the DIN 44956-2 was performed at 
w 0.5 gram increments on seven bags of each sample. However, the pressure drop values were not recorded again. The 
maximum sustainable air permeability values were then determined on the bags, which had the specified levels of dust 
loading. 

[0087] A TSI Model 81 1 0 filter tester was used for the measurement of media filtration efficiency. With the Model 81 1 0 
tester 2.0 % sodium chloride solution (20g NaCI in 1 liter of water) was aerosolized by an aerosol generator. The NaCI 
is water drops in aerosol were heated and NaCI crystallites with a 0.1 urn diameter were formed. The mass concentration 
of NaCI in the air was 101 mg/m 3 . Photometry was used to detect the volume concentration of the air in the upstream 
volume of the media (Cu) and the volume concentration of the air in the downstream volume of the media (Cd). The 
penetration ability of the NaCI particles was calculated as: 



[0088] Samples of various vacuum cleaner bag constructions shown in FIGs. 1 -3 and 4-7 were prepared and tested. 

25 Examples 1 , 2, and 3 are typical prior art construction and Examples 4, 5, 6, and 7 are representative of bags according 
to this invention. Characteristics of the layers of the prior art and novel bag constructions were determined and are pre- 
sented in Tables III and IV. Weight, thickness, air permeability, pore diameter and filtration level permeability of the over- 
all composites are shown in Table V Table V also presents pressure drop and air flow through the composite at fine dust 
loading measured in increments from 0 to 2.5 grams by DIN 44956-2. Pressure drop data of Table V are plotted in FIGs. 

30 9 and 1 0. Air flow data are graphed in FIG. 1 1 . 

[0089] FIG. 9 shows that the three conventional constructions, Examples 1 , 2 and 3 started to notably increase in 
pressure drop after only 1 .0 gram of dust loading. Prior art Examples 2 and 3 which both contain MB fabrics, result in 
much lower increases in pressure drop with dust loading up to 1 .5 grams of dust After that point the pressure drop of 
both Examples 2 and 3 increase substantially with increased dust loading because the relatively small pores in the MB 

35 fabrics became clogged with dust particles and cakes. 

[0090] Examples 5, 6 and 7 of this invention showed very little pressure increase, even after the maximum loading of 
2.5 grams of dust Furthermore, the initial filtration efficiencies of Examples 5-7 were all at least as high as the prior art 
samples containing MB fabrics at 99.6%. Example 1, which contained no MB had a lower filtration efficiency of 96%, 
and it had the highest pressure drop with dust loading. A distinguishing difference between Examples 2 and 3 and 

40 Examples 5-7 is that the coarse filter paper was upstream of the MB fleece in the latter three Examples. This enabled 
the filter paper to f Bter and hold the dust particles, particularly the larger dust particles, so that the f fltration grade MB 
fleece can filter out the smaller sized dust particles without clogging up the pores, even at a loading of 2.5 g/m 2 . 
[0091 ] Furthermore, both the MB and the f ilter paper used in Examples 4, 5, 6 and 7 are notably more open than the 
corresponding materials used in Examples 1 , 2 and 3. The special coarse filter paper is much more open, as evidenced 

45 by the high air permeability rates. Thus, the special filter paper is able to hold more dust Likewise, the air permeability 
of the MB in Examples 4, 5, 6 and 7 is much higher, and the high bulk MB nonwoven is much loftier and less dense. 
This is accomplished by a number of ways in the manufacture of MB, but more often this is done by increasing the die- 
to-collector distance to allow for greater quenching of the MB filaments so that the semi-molten filaments will have more 
time to cool and completely solidify before being deposited onto the collector. Water spray mists or chilled quench air 

so may also be used to accelerate the cooling of the extruded MB filaments. 

[0092] The differences in MB fabrics is further highlighted in FIG. 10. Example 2 from FIG. 9 is again plotted in FIG. 
10 and labeled as "3M." The novel example, labeled as "Example 4, Airflo" was constructed by first making a very 
porous, very lofty, high bulk MB nonwoven with a weight of 120 g/m 2 , which was used as the most upstream layer. This 
very MB web was loftier and more porous than the conventional MB fabrics used in Examples 2 and 3. Accordingly, it 

55 served to filter out and hold a large quantity of dust particles. Remarkably, even with the special 1 20 g/m 2 MB inner liner 
and a 22 g/rrf center layer, the Airflo Example 4 resulted in negligible pressure drop increase with dust loading up to 
the maximum dust loacfing of 2.5 g/m 2 . 

[0093] Although Example 1 did not contain any MB fleece, and had less pressure drop increase than Examples 2 and 
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Penetration = P = [Cd/CU] (100%) 



Examples 1-7. 
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3, it still had substantially greater pressure drop increase wit loading than did Examples 5 and 6, had MB fleeces. It 
should be noted that the weight of MB polypropylene web used in three of the examples was 22 g/m 2 Nevertheless, 
the proper placement of the coarse filter paper and filtration grade MB fleeces in Examples 5 and 6 resulted in dramat- 
ically lower pressure drop increase, because this enabled the filter paper to remove and hold the large and medium 

5 sized particles, and the filtration grade MB fleece only had to filter and contain the finer particles. There was little differ- 
ence between Examples 5 and 6 in pressure drop, even at the highest dust loading of 2.5 grams. The pressure drop 
was slightly greater with the wet-laid paper because hydrogen bonding between the cellulose molecular chains during 
wet processing makes the wet-laid paper denser with somewhat smaller pores at the same weight. 
[0094] FIG. 1 1 shows the results of examples which further dramatize the appreciable improvements obtained by 

jo placing a coarse filter paper upstream of the fBtration grade MB fleece (on the inside of the bag) of this invention. Sep- 
arate bags of Examples 1 -3 and 5-7 were loaded with fine dust in 0.5 gram increments of 0. 0.5, 1 .0, 1 .5, 2.0 and 2.5 
grams of dust. Then the six bags with different degrees of dust loading were subjected to an air permeability test in 
which the maximum sustainable amount of air was passed through each bag sample. As can be seen in FIG. 1 1, the 
novel bag construction, represented by Example 6 had a maximum sustainable airflow with no dust loading of 445 

15 U{rr£x s)compared to only 225 L/(m 2 x s)with the prior art Example 3. At 1 .5 grams of dust loading, Example 6 had a 
sustained airflow of 265.4 U[rr£x sjcompared to only 34.9 U{rr?x s)with conventional Example 3, and at 2.5 grams of 
loading the performance differences were even more remarkable - 199.8 and 21 .9 L7(m 2 x s). Example 2 had a maxi- 
mum sustainable airflow of 41 1 L/frrftc s), but already at 1 .0 gram of dust loading values drop to those of conventional 
bag constructions. 

20 [0095] A conventional vacuum cleaner bag suffers from a relatively low airflow as seen by 1 8, 1 4.9 and 21.9 L/(nrrx 
s) of Examples 1 , 2 and 3 in FIG. 1 1 after the 6 th dust loading. It is almost impossible to add another layer of material 
to these constructions without reducing the airflow dramatically. In Examples 5 and 6 of FIG. 11, due to the excellent 
performance of the new constructions, a possibility has been created to add more functions to the vacuum cleaner bag. 
In today's vacuum cleaners a number of different filters are used, amongst them active carbon filters to absorb odors. 

25 Very often 3-5 different filters are used in a vacuum cleaner, each one having its own service life. 

[0096] Due to high airflow of the present inventioa it is possfcle to increase functionality such as by adding an extra 
layer of active carbon ffoers in the bag constructions without the need for a separate filter element. This construction 
has a number of advantages, namely: 

30 1 . Easier use of the vacuum cleaner for the end user, the separate, odor filter does not need to be replaced. 

2. Carbon filters in their present form have a negative influence on airflow and sometimes reduce overall power of 
the cleaner dramatically. 

3. The carbon filter is mounted in a separate plastic molded housing, that can be eliminated by the carbon layer in 
the vacuum cleaner bag. 

35 4. Due to the service life of a vacuum cleaner bag, one can expect the optimal function of the active carbon fibers 
during the time that the vacuum cleaner bag is used. 

5. As the separate plastic housing is no longer needed, the construction of the vacuum cleaner will become easier 
and therefore cheaper. 

6. The amount of active carbon ffoers can be optimized for the service life of the vacuum cleaner bag. 

40 7. Because of the limitation of space in a vacuum cleaner, active carbon fiber filters are relatively small and very 
often do not have a big enough surface to absorb the odors properly. 

8. By adding an extra layer of active carbon fibers to the novel bag construction, the problem of the restricted filter 
surface has been solved. 
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Comparative Example 1 

[0097] Fig. 12 shows a cross section of a commercially available vacuum cleaner bag structure 51' consisting of a 
wet-laid tissue fleece liner 52' on the inside (upstream air side) of the bag and a standard wet-laid filter paper 53' on the 
5 outside (downstream air side) of the bag. Properties of the individual layers and composite structure we presented in 
Table VI. The liner primarily protects the wet-laid f flter paper from abrasion, but also pre-f ilters out some of the largest 
particles. The wet-laid filter paper typically filters out particles greater than about 10 ^m and some smaller particles. 

Comparative Example 2 

10 

[0098] Fig. 1 3 shows a cross section of a conventional three-layer vacuum cleaner bag structure 54* in which a wet- 
laid tissue supporting fleece 55 with very little dust holding capacity is added upstream of a MB fleece 56' to protect 
from abrasion and a wet-laid fitter paper 57* is placed on the outside (downstream) to protect the bag from abrasion, to 
improve stiffness for bag fabrication and to provide additional air filtration. Properties of the individual layers and com- 
is posrte structure are presented in Table VI. 

Examples 8-10 

[0099] Fig. 14 depicts a novel three-layer vacuum cleaner bag composite structure 58' of Example 8 with a wet-laid 
20 high dust capacity paper layer 59' on the inside (upstream air side) in front of a melt blown filter layer 60" . A highly air 
permeable wet-laid filter paper layer 61 ' is on the outside (downstream air side). 

[01 00] Fig. 1 5 depicts a novel inventive vacuum cleaner bag composite structure 62' of Example 9 in which a dry-laid 
high dust capacity paper 63' consisting of 1 00% fluff pulp fibers held together by 20 weight % latex binder is positioned 
as the inside layer and a conventional wet-laid filter paper 64* is the outside layer. 

25 [0101] Fig. 16 depicts a novel vacuum cleaner bag construction 65' of Example 10 consisting of a thermally bonded, 
dry-laid high dust capacity paper 66* in the upstream air position inside the bag with a highly permeable wet-laid filter 
paper 67* on the outside of the bag. The fiber content of the dry-laid high dust capacity paper 66' consists of a Wend of 
40% fluff pulp fbers, 40% split film fibers and 20% bicomponent polymer fbers. Properties of the individual layers and 
composite structures are presented in Table VI which compares filtration properties of various composite structures at 

30 100 Urnin. flow. Data in Table VI shows that Examples 8 and 10 structures produced dramatically increased filtration 
efficiency relative to Comp. Ex. 1 with only slight pressure drop increase. Also, Example 8 produced slightly better fil- 
tration efficiency at the same pressure drop as Comp. Ex. 2. Example 9 compared well with commercially available 
Comp. Ex. 1 structure. 

[01 02] Each of the above-described example structures was tested for fine dust loading and the results are presented 
35 in Table VI. Fig. 1 7 is a plot of the pressure drop across the bag structures versus grams of fine dust loading in which 
curves A-E represent Comparative Examples 1 and 2, (A and B) and Examples 8-10 (C, D and E), respectively. The 
plot shows that conventional bag structures attained high pressure drops rapidly with very low loadings (i.e., about 100 
mbar at less than 2.5g). Example 8 arrived at equivalent high pressure drop after 3.5 g dust loading, which is approxi- 
mately 40% improvement. Examples 9 and 10 produced remarkably superior fine dust loading results by reaching 
40 about 100 mbar pressure drop at about 10 g and 12.5 g. loading and with pressure drop not exceeding about 30 mbar 
at fine dust loading of 6.5 g and about 40 mbar until after about 7.5 g, These results demonstrate about 300-400% 
improvement over conventional filter constructions. Notably, Examples 9 and 10 do not include MB filter interlayer 
between the upstream high dust capacity mutipurpose layer and the downstream second filtration layer. 
[01 03] Additional examples of enhanced performance vacuum cleaner bag composite structures contemplated to fall 
45 within the definition of the present invention as illustrated in Figs. 18-20. In particular, Fig. 18A shows a two-layer struc- 
ture in which the upstream, multipurpose layer is a dry-laid filter composition of exclusively fluff pulp fibers held together 
with a dried latex binder, or of a Wend of bicomponent polymer fibers and fluff pulp fibers which are thermally bonded. 
The multipurpose layer has high air permeability and dust holding capacity. 

[0104] Fig. 18B also shows a two-layer structure in which the multipurpose layer is a three component Wend of fluff 
so pulp fbers. bicomponent polymer fibers and electrostatically charged split film fbers. Again, the Wend is held together 
by thermal bonding, primarily of the low-melting bicomponent polymer fiber composition. 

[01 05] Fig. 1 8C shows another two-layer structure with specially developed, high dust holding capacity wet-laid filter 
paper in the upstream position. The fibers in the wet laid paper are a Wend of synthetic fibers and natural, i.e.. wood 
pulp, fbers. Preferably, the synthetic fbers are polyester, and more preferaWy. polyethylene terephthalate. The fbers 
55 are bonded by a latex binder at about 1 0-30 wt% dry binder solids based on f ber weight 

[0106] Fig. 18D illustrates a two-layer structure in which the upstream, multipurpose layer comprises polyolefin, and 

preferaWy polypropylene fbers. This layer is electrostatically charged. PreferaWy, the Tantret(TM) technology. 

[0107] Figs. 18E-18H show structures which are the same as those of Figs 18A-18D, respectively, except that an 
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optional. meHHown fleece interlayer is inserted between the multipurpose filter layer and the second filtration layer. 
[01 08] Figs. 1 81-1 8P show structures which correspond to Figs. 1 8A-1 8H. respectively, except that an optional fleece 
scrim has been added to the side of the vacuum fitter bag exposed to the airflow to protect the next layer from abrasion 
and to filter some of the very large dust particles. 
5 [0109] Figs. 19Q-19AF show structures which correspond to Figs. 18A-18P. respectively, except that an optional 
spunbond fleece is placed in the most downstream layer position and hence is on the outside of the vacuum cleaner 
bag. 

[0110] Rgs. 20AG-20BL show structures which correspond to Figs. 18A-19AF, respectively, except that adjacent lay- 
ers of the composite are bonded by a hot melt adhesive. The hot melt may also be replaced or used in conjunction with 
w all known methods of laminating, including glues and thermal and ultrasonic bonding. Although the figures only illustrate 
embodiments in which an adhesive is present between all adjacent layers, it is contemplated that all layers need not be 
joined in this way, i.e., some layers of the composite will be bonded with adhesive and others will not 
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Tableau 6 b 





Example 




Ex.2 


Ex.3 




5 


Layer/Composite 




62 


63 


64 


65 


66 


Of 




Basis Weight 


g/m 2 


122 


77 


45 


110 


65 


AS 




Thickness 


mm 


1.14 


0.94 


0.2 


1.11 


0.91 


\).d 


10 


Air Permeability 


L/(rrr • s) 


420 


1850 


400 


330 


3000 


Ann 




Tensile Strength MD 


N 


— 


6.1 


37 




5.8 


37 




Tensile Strength CD 


N 


— 


5.4 


20 




5.2 


on 




Pore Diameter 


pm 


— 




11.91- 






11 Q1- 


15 




MFP 






23.43 






23.43 




MBP 


bar 






1.2 






1.2 


20 


nitration Properties 


















Row 


L/hnin. 


100 






100 








Pressure drop mmH20 




12.90 






10.20 








Penetration 


% 


66.90 






27.30 






25 


Efficiency 


% 


33.10 






72.70 
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Tableau 7 



5 




Comp. Ex. 1 


Comp. Ex. 2 Ex. 1 


Ex.2 


Ex 3 




Efficiency (Vo) 


96.0 


99.6 99.6 


99.7 


99.8 




Airflowat2mbar(L) 


7.00 


4.15 4.4 


5,90 


6.40 




Dust Loading (g) 




Pressure Drop (mbar) 10 Liter 




10 


0 


3.21 


5.14 4.86 


3.44 


3.20 




0,5 


8.90 


7.70 6.02 


4.05 


4.48 




1.0 


24.19 


13.37 7.87 


5.79 


6.25 




1.5 


51.64 


25 87 1180 

****** 1 * l.Wl/ 


720 


8.45 




ZO 


79.58 


53 06 19 03 


8.61 


11.30 


15 


2.5 


110.00 


100 32 33 22 


10 14 


13.70 




3.0 




56.56 


11.98 


16.16 




3.5 




96.30 


13.87 


18.33 




4.0 






16.07 


20.62 




4.5 






18.26 


22.62 


20 


5.0 






20.81 


24.61 




5.5 
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26.83 




6.0 






27.23 


29.19 




6.5 






31.21 


31.09 


25 


7.0 






35.68 


32.99 




7.5 






42.74 


36.00 




8,0 






50.70 


39.60 




8.5 






62.02 


43.95 




9.0 






74.20 


48.28 


30 


9.S 






89.20 


53.20 




10.0 






106.36 


58.68 




10.5 








65.57 




11.0 








73.80 




1LS 








81.75 


35 


tzo 








93.04 




12.5 








106.11 



[011 1] All publications including patents referred to herein are incorporated herein by reference. While the invention 
has been fully and amply described for one of average skill in the pertinent art, it should be understood that various sub- 
stitutions and modifications which bring about substantially equivalent or superior results and/or performance are within 
the scope and the spirit of the following claims. 

45 

Claims 

1. A disposable vacuum cleaner bag comprising a coarse filter laye comprising at least one of (a) a wet-laid high 
capacity paper, (b) a dry-laid high capacity paper, (c) a high bulk meHblown nonwoven, (d) a SpunWown (Modular) 

so nonwoven, (e) a microdenier spunbond nonwoven positioned upstream in the direction of air flow of a filtration 
grade meltblown fleece 

2. The bag of claim 1 in which the filtration grade meHblown fleece layer has a basis weight of about 10-50 g/m 2 and 
air permeability of about 100-1500 L/frrftc s). 

55 

3. The bag of claim 2 in which the wet-laid high dust capacity paper has a basis weight of about 30-150 gfrrf, air per- 
meability of about 500-8000 U(rr?x s)and pore size of at least about 160 \um, the dry-laid high dust capacity paper 
has a basis basis weight of about 30-150 g/m 2 and air permeability of about 500-8000 U{rr?x s)and the high bulk 
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meltblown nonwoven has a basis weight of about 30-1 80 g/rn 2 and air permeability of about 300-8000 L/frrftc s). 

4. The bag of claim 1 further comprising downstream of the filtration grade meltblown fleece layer at least one outer 
layer comprising at least one of the following (i) a spunbond, wet-laid, dry-laid or hydroentangled nonwoven or net- 
ting having a basis weight of about 6-80 g/m 2 and air permeability of about 500-10.000 Ulrtftc s). and 00 an odor 
absorbing composite comprising an activated carbon fiber layer having a basis weight of about 25-500 g/m 2 and air 
permeability of about 500-3000 U(rr£x s)upstream of a backing layer of fleece having a basis weight of about 15- 
100 g/m 2 and air permeability of about 2000-5000 U[rrPx s) 

5. The bag of claim 1 further comprising a support layer upstream of the filtration grade meltblown fleece layer. 

6. The bag of claim 5 in which the support layer is a spunbond nonwoven. 

7. The bag of claim 5 in which the support layer is upstream of the coarse filter layer and is one of the following (i) a 
netting scrim bonded to the coarse filter layer or (ii) a wet-laid tissue fleece. 

8. The bag of claim 1 in which at least one layer is of a material of suitable dielectric properties and which is electro- 
statically charged. 

9. The bag of claim 1 in which at least one layer is bonded to an adjacent layer of the bag. 

1 0. The bag of claim 9 in which the bonded layers are bonded with a porous hot melt adhesive. 

1 1 . The bag of claim 9 in which all adjacent layers are bonded. 

12. The bag of claim 1 further comprising an odor absorbing composite upstream of the filtration grade meltblown 
fleece layer, the composite comprising an activated carbon fiber layer having a basis weight of about 25-500 g/m 2 
and air permeability of about 500-3000 U(ir£x s) downstream of a backing layer of fleece having a basis weight of 
about 15-100 g/m 2 and air permeability of about 2000-5000 L/m 2 fs. 

1 3. The bag of claim 4 in which the outer layer is spunbond nonwoven having a basis weight of about 1 0-40 g/m 2 , and 
the coarse f flter layer is high bulk meltblown nonwoven having a basis weight of about 30-1 80 g/m 2 . 

1 4. The bag of claim 4 in which the outer layer is spunbond nonwoven having a basis weight of about 10-40 g/m 2 and 
the coarse f flter layer is a wet-laid high dust capacity paper having air permeability of about 500-8000 U{vr£x s). 

1 5. The bag of claim 4 in which the outer layer is spunbond nonwoven having a basis weight of about 10-40 g/m 2 and 
the coarse filter layer is a dry-laid high dust capacity paper having air permeability of about 500-8000 L/frr^x s). 

1 6. The bag of claim 1 in which the dry-laid high capacity paper comprises bicomponent fibers having a sheath of one 
polymer and a core of a different polymer having a melting point higher than the one polymer. 

17. The bag of daim 16 in which the bicomponent fibers comprise about 25-50% of the dry-laid high dust capacity 
paper. 

18. The bag of daim 16 in which the core is polypropylene and the sheath is polyethylene. 

19. The bag of claim 16 in which the core is disposed eccentric relative to the sheath. 

20. The bag of claim 16 in which the bicomponent fibers have one polymer alongside the different polymer. 

21 . The bag of claim 1 in which the high bulk meltblown nonwoven is electrostatically charged. 

22. A filter for removing partides entrained in a gas comprising a coarse filter layer comprising at least one of (a) a wet- 
laid high capacity paper, (b) a dry-laid high capacity paper, (c) a high bulk meltblown nonwoven, (d) a Spunblown 
(Modular) nonwoven, and (e) a microdenier spunbond nonwoven positioned upstream in the direction of air flow of 
a filtration grade meltblown fleece layer. 
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23. The filter of claim 22 further comprising downstream of the filtration grade meHblcwn fleece layer at least one outer 
layer comprising one of the following (i) a nonwoven scrim of spunbond, wet-laid, dry-laid or hydroentangled fabric 
having a weight of about 6-80 g/m 2 and air permeability of about 500-12,000 L/frrr^x s), and (ii) an odor absorbing 
composite comprising an activated carbon fiber layer having a weight of about 25-500 g/m 2 and air permeability of 

5 about 500-3000 Urn 2 /s upstream of a backing layer of fleece having a weight of about 1 5-1 00 g/m 2 and air perme- 
ability of about 2000-5000 Urn 2 /s. 

24. A method of filtering a gas comprising passing a gas entrained with particles through a filter comprising a coarse 
filter layer comprising at least one of (a) a wet-laid high capacity paper, (b) a dry-laid high capacity paper, (c) a high 

w bulk mertblown nonwoven, (d) a Spunblcwn (Modular) nonwoven, and (e) a microdenier spunbond nonwoven posi- 
tioned upstream in the ejection of air flow of a filtration grade mettbtawn fleece layer. 

25. The method of claim 24 in which the filter further comprising downstream of the filtration grade meltWown fleece 
layer at least one outer layer comprising one of the following (0 a nonwoven scrim of spunbond, wet-laid, dry-laid 

is or hydroentangled fabric having a weight of about 6-80 g/m 2 and air permeability of about 500-12,000 U{tr?x s), 
and (N) an odor absorbing composite comprising an activated carbon f foer layer having a weight of about 25-500 
g/m 2 and air permeability of about 500-3000 U(tr£x s) upstream of a backing layer of fleece having a weight of 
about 15-100 g/m 2 and air permeability of about 2000-5000 L/frrr^x s). 

20 26. 26. A composite structure for a disposable vacuum cleaner bag comprising a multipurpose filtration capacity layer 
positioned upstream in the direction of air flow of a second filtration layer, the second filtration layer being selected 
from among (a) a wet-laid or a dry-laid filter having a base weight of about 30-100 g/m2 and air permeability of 
about 100-3000 L/(m2 x s) and (b) thermally bonded nonwoven having a basis weight of about 10-100 g/m2 and a 
permeability of about 100-3000 L7(m2 x s). 

25 

27. The composite structure of claim 27 in which the multipurpose filtration capacity layer is selected from among: 

(a) a wet-laid or a dry-laid high dust capacity paper having a basis weight of about 30-150 g/m2 and air perme- 
ability of about 500-8000 L/(m2 x s); 
30 (b) high bulk meHblcwn nonwoven having a basis weight of about 30-1 80 g/m2 and an air permeability of about 

300-1500 L/(m2xs); 

(c) Spunblcwn Modular paper having a basis weight of a bout 20-150 g/m2 and an air permeability of about 
200-3000 L/(m2 x s); and 

(d) microdiener spunbond nonwoven having a basis weight of about 20-150 g/rn2 and an air permeability of 
35 about 500-1 0,000 L/(m2 x s). 

28. The composite structure of claim 26 in which the multipurpose filtration layer is operative to provide to the compos- 
ite structure a pressure drop of at most 30 mbar at fine dust particle loading of at least 6.5 grams determined by 
DIN 44956-2. 

40 

29. The composite structure of claim 27 in which the wet-laid high dust capacity paper comprises fibers comprising at 
least 15% chargeable or unchangeable synthetic fber and a complementary amount of wood pulp f ibers, and 
binder 

45 30. The composite structure of claim 29 in which the synthetic fibers are polyester. 

31 . The composite structure of claim 29 in which the synthetic fibers are polyolef in fbers. 

32. The composite structure of claim 31 in which the polyolefin fbers are electrostatically charged polypropylene. 

50 

33. The composite structure of claim 26 in which the multipurpose filtration layer comprises a dry-laid, high dust capac- 
ity paper of composition selected from among (a) latex bonded fluff pulp fibers, (b) thermally bondaWe fusing f bers. 
(c) a thermally bonded Wend of thermally bondaWe fusing polymer fbers and fluff pulp fibers, (d) a thermally 
bonded blend of thermally bondaWe fusing fbers. fluff pulp fibers and split film fbers, (e) thermally bonded Wend 

55 of mixed electrostatic fbers. 

34. The composite structure of claim 33 in which thermally bondaWe fusing fibers are Wcomponent polymer fibers. 
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35. The composite structure of claim 34 in which the bicomponent polymer fibers are polyolef in. 

36. The composite structure of claim 35 in which the bicomponent polymer fibers have a core of polypropylene and a 
sheath of polyethylene. 

5 

37. The corrposite structure of claim 34 in which the bicomponent polymer fibers have a core disposed eccentrically 
relative to a sheath. 

38. The composite structure of claim 37 in which the core is positioned alongside the sheath. 

w 

39. The corrposite structure of claim 33 in which the split film fibers are electrostatically charged 

40. The corrposite structure of claim 26 further comprising a meltblown fleece layer having a basis weight of about 1 0- 
50 g/m2 and an air permeability of about 100-1500 L/(m2 x s) positioned between the multipurpose filtration layer 

15 and the second filtration layer. 

41 . The corrposite structure of claim 40 in which the meltblown fleece layer is electrostatically charged. 

42. The corrposite structure of claim 26 in which the thermally bonded nonwoven is the most downstream layer of the 
20 structure. 

43. The composite structure of claim 26 in which at least two adjacent layers of the structure are bonded. 

44. The corrposite structure of claim 43 in which the two bonded adjacent layers are the multipurpose filtration layer 
25 and the second filtration layer. 

45. The corrposite structure of claim 43 in which all adjacent layers of the structure are bonded. 

46. The bag of claim 26 in which the high bulk meltblown nonwoven is electrostatically charged. 

30 

47. The composite structure of claim 26 in which at least one of the layers is of a chargeable material and the charge- 
able layer is electrostatically charged. 

48. A filter for removing particles entrained in a gas comprising a multipurpose filtration capacity layer positioned 
35 upstream in the direction of air flow of a second filtration layer, the second filtration layer being selected from among 

(a) a wet-laid or a dry-laid filter having a base weight of about 30-1 00 g/m2 and air permeability of about 100-3000 
IV(m2 x s) and (b) thermally bonded nonwoven having a basis weight of about 10-100 g/m2 and a permeability of 
about 100-3000 LY(m2 x s). 

40 49. The filter of claim 48 in which the multipurpose filtration capacity layer is selected from among: 

(a) a wet-laid or a dry-laid high dust capacity paper having a basis weight of about 30-150 g/m2 and air perme- 
ability of about 500-8000 17(m2 x s); 

(b) high bulk meltblown nonwoven having a basis weight of about 30-1 80 g/m2 and an air permeability of about 
45 300-1500 L/(m2xs); 

(c) SpunWown Modular paper having a basis weight of a bout 20-150 g/m2 and an air permeability of about 
200-3000 L7(m2 x s); and 

(d) microdiener spunbond nonwoven having a basis weight of about 20-150 g/m2 and an air permeability of 
about 500-10.000 L/(m2 x s). 

50 

50. A method of filtering a gas comprising passing a gas entrained with particles trough a composite structure compris- 
ing a multipurpose filtration capacity layer positioned upstream in the direction of air flow of a second filtration layer, 
the second f atration layer being selected from among (a) a wet-laid or a dry-laid filter having a base weight of about 
30-100 g/m2 and air permeability of about 100-3000 L/(m2 x s) and (b) thermally bonded nonwoven having a basis 

55 weight of about 1 0-1 00 g/m2 and a permeability of about 1 00-3000 L/(m2 x s). 

51 . The method of claim 50 in which the multipurpose filtration capacity layer is selected from among: 
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(a) a wet-laid or a dry-laid high dust capacity paper having a basis weight of about 30-150 g/m2 and air perme- 
ability of about 500-8000 LV(m2 x s); 

(b) high bulk meHHown nonwoven having a basis weight of about 30-1 80 g/m2 and an air permeability of about 
300-1500 L/(m2xs); 

(c) Spunblown Modular paper having a basis weight of a bout 20-150 g/m2 and an air permeability of about 
200-3000 I7(m2 x s); and 

(d) microdiener spunbond nonwcven having a basis weight of about 20-150 g/m2 and an air permeability of 
about 500-10,000 L/(m2 x s). 
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BAG CONSTRUCTION EXAMPLE 1 



25 24 



CLEAN SIDE 



WET-LAID FILTER PAPER 
200-500 l/m 2 /s 



on 



or; 



LJ 



o 



SIDE EXPOSED TO AIRaOW 



WET-LAID SUPPORTING FLEECE 
1000-2500 l/m 2 /s 



FIG.1 

TRADITIONAL VACUUM CLEANER BAG CONSTRUCTION CONSISTING OF WET-LAID 
SUPPORTING FLEECE (INSIDE OF BAG) AND WET-LAID FILTER PAPER (air outlet side) 
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BAG CONSTRUCTION EXAMPLE 2 



CLEAN SIDE 




SIDE EXPOSED TO AIRFLOW 




SPUNBOND + MELTBLOWN 
80 g/m 2 

450 l/m 2 /s 



FIG 2 

TWO-LAYER VACCUM CLEANER BAG CONSTRUCTION IN WHICH MELTBLOWN 
ULTRAFINE FIBER FLEECE ON THE INSIDE OF THE BAG SERVES AS BOTH 
THE DUST HOLDING AND FILTRATION COMPONENT 
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BAG CONSTRUCTION EXAMPLE 3 



30 29 28 



CLEAN SIDE 



WET-LAID FILTER PAPER 
200-500 l/m 2 /s 



oo 



to 



Ui 



ui 



0'> 



SIDE EXPOSED TO AIRFLOW 



WET-LAID SUPPORTING FLEECE 
1000-2500 l/m 2 /s 



MELTBL0WN 
100-1500 l/m 2 /s 



FIG. 3 

THREE-LAYER VACUUM CLEANER BAG IN WHICH A WET-LAID SUPPORTING FLEECE 
WITH VERY LITTLE DUST HOLDING CAPACITY IS ADDED TO PROTECT THE 
MELTBLOWN FLEECE FROM ABRASION. 
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BAG CONSTRUCTION EXAMPLE 4 



12 11 10 




FIG 4 

INVENTIVE NEW THREE-LAYER VACUUM CLEANER BAG CONSTRUCTION IN WHICH 
A SPECIAL BULKY MELTBLOWN IS PLACED IN FRONT OF MELTBLOWN FLEECE 
AND THE SPUNBOND LAYER IS PUCED ON THE OUTSIDE OF THE BAG. 
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BAG CONSTRUCTION EXAMPLE 5 



33 32 31 



CLEAN SIDE 



SPUNBOND 
500-10000 l/m 2 /s 



CM 



u 



SIDE EXPOSED TO AIRFLOW 



WET-LAID SPECIAL FILTER PAPER 
500-8000 l/m 2 /s 



MELTBL0WN 



100-1500 1/mVs 



FIG 5 

INVENTIVE NEW THREE-LAYER VACUUM CLEANER BAG CONSTRUCTION IN WHICH 
WET-LAID SPECIAL FILTER PAPER IS PLACED IN FRONT OF MELTBLOWN FLEECE 
AND THE SPUNBOND-, DRY-LAID-. OR WET LAID LAYER OR OTHER SUITABLE 
TYPE OF NONWOVEN SCRIM, IS PLACED ON THE OUTSIDE OF THE BAG. 



32 



EP 0960 645 A2 



BAG CONSTRUCTION EXAMPLE 6 



36 35 34 



CLEAN SIDE 



^ o 



m 



SPUNBOND 
500-10000 l/m 2 /s 



m 



Oil 



CM 



ce. 



o 
ui 

a. 



SIDE EXPOSED TO AIRFLOW 



DRY-LAID SPECIAL FILTER PAPER 
500-8000 l/m 2 /s 



MELTBLOWN 
100-1500 l/m 2 /s 



HG.6 



INVENTIVE NEW THREE-LAYER VACUUM CLEANER BAG CONSTRUCTION IN WHICH 
DRY-LAID SPECIAL FILTER PAPER IS PLACED IN FRONT OF MELTBLOWN FLEECE 
AND THE SPUNBOND LAYER IS PLACED ON THE OUTSIDE OF THE BAG. 



33 



EP0960 645A2 



BAG CONSTRUCTION EXAMPLE 7 



CLEAN SIDE 



FLEECE 
200-5000 l/m 2 /s 



CARBON 
500-3000 l/m 2 /s 




SIDE EXPOSED TO AIRFLOW 



WET-LAID SPECIAL FILTER PAPER 
500-8000 l/m 2 /s 



MELTBLOWN 



100-1500 1/rrT/s 



HQ 7 



INVENTIVE NEW THREE-LAYER VACUUM CLEANER BAG CONSTRUCTION IN WHICH 
WET-LAID SPECIAL FILTER PAPER IS PLACED IN FRONT OF MELTBLOWN FLEECE 
AND THE CARBON WITH FLEECE IS PLACED ON THE OUTSIDE OF THE BAG. 
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FIG. 12 
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FIG 13 
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FIG. 14 
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RANGE: 30-100 g/m 2 
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RANGE: 30-150 g/m 2 
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PREFERABLE RANGE: 50-80 g/m 2 

2000-4000 l/(m 2 .s) 



FIG 15 
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RANGE: 30-150 g/m 2 
500-8000 l/(m 2 s) 

PREFERABLE RANGE: 50-80 g/m 2 
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FIG 16 
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